Abstract The skin and its appendages comprise the largest and fastest growing organ in the body. It performs multiple tasks and maintains homeostatic control, including the regulation of body temperature and protection from desiccation and from pathogen invasion. The skin can perform its functions with the assistance of different immune cell populations. Monocyte-derived cells are imperative for the completion of these tasks. The comprehensive role of macrophages and Langerhans cells in establishing and maintaining skin homeostasis remains incompletely defined. However, over the past decade, innovations in mouse genetics have allowed for advancements in the field. In this review, we explore different homeostatic roles of macrophages and Langerhans cells, including wound repair, follicle regeneration, salt balance, and cancer regression and progression in the skin. The understanding of the precise functions of myeloid-derived cells in the skin under basal conditions can help develop specific therapies that aid in skin and hair follicle regeneration and cutaneous cancer prevention.
Introduction
The skin is the largest organ in the body and performs a variety of protective functions. It prevents desiccation by limiting unnecessary fluid loss, protects the organism against invading pathogens, and regulates body temperature [14] . It is subject to environmental stimuli and must react appropriately to insults through a variety of mechanisms, which despite compromise of structural integrity must maintain homeostasis. These functions are promoted through continuous integration of environmental inputs and communication among immune, epithelial, stromal, and stem cells [4] .
The skin is composed of an outer layer of stratified epithelium, the epidermis, an inner less cellular layer, the dermis, and a subcutaneous layer comprised primarily of adipose tissue, the hypodermis or panniculus [49] . Each layer is occupied by different immune cell populations, which shares the same precursor. The epidermis is populated by Langerhans cells (LCs), also known as the antigen presenting cells (APC) of the epidermis; the dermis contains tissue resident dermal macrophages (large vacuolar phagocytic cells) and dermal dendritic cells (also APCs), and the hypodermis contains macrophages and T cells [48] . They can be distinguished by their differential expression of markers. Langerhans cells express CD1a, CD11b, CD11c, F4/ 80, CD207 (langerin) and major histocompatibility complex MHC class II; dermal dendritic cells (DCs) express CD1alow, CD1c, CD11b hi , CD206, CD209, and MHC class II; and macrophages express CD11b, F4/80, CD163, factor XIIIa, CD16, CD32, and CD64 [19, 40, 48] .
Even though they share the same precursor, their mode of renewal is different post-embryonically. Dermal macrophages are equally derived during embryonic development by the yolk sac and fetal liver [16] . During adulthood, they are replenished by hematopoietic stem cells [61] . Langerhans cells also originate during embryonic development from the fetal liver and yolk sac, with the liver providing approximately 80% of Langerhans cells [16] . However, they seed in the epidermis early in development, and self-renew independently of blood monocytes throughout adulthood [16] . These cells are members of the mononuclear phagocyte system, a specialized network of phagocytes that is classically known for their participation in innate immunity and phagocytic functions [22] . Less is known about their role during cutaneous homeostasis. Nevertheless, growing evidence suggests that they play an essential role in the maintenance of skin homeostasis and integrity. They aid during wound healing, tissue repair, hair follicle regeneration, and the stress response. In this review, we focus on the role of monocyte-derived macrophages and DCs in skin homeostasis by providing evidence obtained from studies in murine and human skin (Fig. 1) .
Role of macrophages in cutaneous wound healing
Wound healing is the process of restoring the skin to a state of homeostasis after injury. It is a dynamic and highly coordinated process. It is divided into three overlapping phases, inflammation, tissue formation, and maturation, which occur approximately 0-5, 5-10, and 10-60 days after insult, respectively [41] . Inflammation (first stage) occurs immediately after injury to promote the recruitment of factors required for repair and provide a provisional wound matrix. Tissue formation (second stage) aids in the stabilization of vascular structures and induce fibroblast differentiation into activated contractile myofibroblasts [37] . Lastly, maturation (third stage) promotes wound closure and complete tissue regeneration [37] .
There are two major types of myeloid-derived cell populations in the skin. Langerhans cells, which share features of dendritic cells and macrophages, are present in the epidermis [40] . Dermal macrophages and dermal dendritic cells are present in the dermis [19] . The role of Langerhans cells in skin repair has yet to be definitively determined. However, decades ago, Leibovich and Ross [31] described a role for dermal macrophages during wound repair. They eliminated macrophages locally with antimacrophage serum from skin wounds in guinea pigs and found that they have a critical role in debridement and promote proliferation of fibroblasts [31] . Neutrophils are also recruited to the wound after injury and they infiltrate into damaged tissue. However, depletion of neutrophils in mice did not alter dermal healing nor collagen deposition [10] , suggesting that compared to macrophages, they do not have an essential role in dermal wound repair.
The role of macrophages during wound repair goes beyond wound clearance and induction of proliferation. Macrophages are present during all phases of wound repair, and they outnumber all other inflammatory cells [77] . To determine the relevance of macrophages during skin repair, Lucas, et al. used Cre-inducible diphtheria toxin receptor cell ablation to temporally deplete dermal macrophages using the promoter of lysozyme M to drive Cre expression (LysMCre/iDTR) during the three different stages of wound healing [32] . Notably, complete depletion of peritoneal macrophages was obtained, while the levels of peritoneal neutrophils and B cells remained unaffected, suggesting this method specifically targeted macrophages; however, the presence of markers that indicate ablation of other myeloid-derived cells (LCs and DCs) was not assessed. Depletion during the inflammatory phase showed a delay in the repair response, decreased proliferation of granulation tissue, reduced vascularization, diminished wound contraction, decreased myofibroblast differentiation, and decreased expression of transforming growth factor (TGFβ1) and vascular endothelial growth factor-A (VEGF-A) [32] . Depletion of macrophages during the second stage, or tissue formation, resulted in lower rate of wound closure, delayed maturation of granulation tissue with extreme hemorrhage, which appeared to be caused by injury to endothelial cells, and hindered transition to next phase [32] . Finally, depletion at late stage of wound maturation did not have a significant effect on wound repair [32] . Similar results have been observed by other groups. For instance, local ablation of skin macrophages caused a delay in re-epithelialization, compromised angiogenesis, decreased formation of granulation tissue and deposition of collagen, and altered cytokine protein levels with higher tumor necrosis factor (TNF)-α, and lower W o u nd Re p a ir C a n c er Def e n s e H a ir R eg ene ra t io n S a lt Bala n c e Fig. 1 Role of macrophages in skin homeostasis. Macrophages maintain and restore homeostasis of the skin through functions including wound repair, cancer defense, salt balance, and hair regeneration VEGF-A and TGF-β1 [42] . Also, macrophage depletion has resulted in compromised wound morphology, significantly increased healing time, reduced neovascularization, and impaired closure [18] .
The different functions of macrophages are reflected in their broad gene expression profile and scope of activation during the repair process. During the initial phase, a temporary wound matrix is formed to achieve hemostasis. Inflammation begins with the recruitment of neutrophils [55] and blood monocytes [56] , which eventually differentiate into pro-inflammatory macrophages in response to factors in the microenvironment. They are CCR2 + Ly6C + and express pro-inflammatory cytokines (interleukin (IL)-6, IL-1b, TNF-α) [13] as well as other inflammation regulators such as inducible nitric oxide synthase (iNOS), Arginase (Arg)-1, and VEGF-A [76] . These cytokines and growth factors propagate the inflammatory cascade and recruit cells and factors required to coordinate repair [13] . This is followed by the clotting cascade, in which platelets promote vasoconstriction to prevent loss of blood from compromised vessels, resulting in the formation of a clot, which covers exposed tissue and contains fibrin molecules that form a provisional scaffold for recruited cells [55] . Macrophages phagocytose debris and necrotic tissue, and release reactive oxygen species (ROS) to eliminate invading pathogens. Also, pro-inflammatory macrophages are capable of inhibiting fibroblasts or inducing them to produce matrix metalloproteinase (MMP) -1, which enhances extracellular matrix (ECM) degradation and inhibits fibrogenesis [79] . Macrophages also secrete serine proteases and elastases that degrade the ECM.
Next, the second phase stage of wound healing, tissue formation, begins. The goal of this phase is to replace the temporary wound matrix though re-epithelialization, formation of granulation tissue, and perfusion of nutrients [55] . The primary mediators of this stage are anti-inflammatory macrophages. This alternatively activated macrophage phenotype, promotes the expression of cytokine IL-10 and upregulation of scavenging receptors for tissue remodeling, including CD206 and CD163 [76] . Moreover, neutrophils stimulate macrophage secretion of TGFβ1, which is required for fibroblast differentiation and wound contraction and dampens the inflammatory response [54] . Macrophages phagocytose apoptotic neutrophils preventing the release of their toxic contents further dampening the inflammatory response [62] . Moreover, phagocytosis of apoptotic cells by macrophages leads to the production of VEGF-A [17] , which induces vascularization and tissue regeneration [77] . This process is mediated through CX3-chemokine receptor (CR)-1 + macrophages. Reduced vascularization, collagen deposition, TGFβ and VEGF-A levels were observed in CX3CR1-deficient mice [23] . Additionally, macrophage-induced fibroblast differentiation, along with their production of additional factors such as platelet-derived growth factor (PDGF), basic fibroblast growth factor (bFGF), TGF-α, further trigger angiogenesis and re-epithelialization [13, 55] . Lastly, differentiated fibroblasts (myofibroblasts) induce fibrosis and are the primary source of ECM, including collagen [33] . ECM forms framework for cell attachment, promotes growth and differentiation [55] through its ability to bind and release growth factors [60] .
The third and final stage of repair is tissue maturation and remodeling. The goal in this stage is to fully regenerate the tissue and complete the wound closure process. During this phase, angiogenesis stops and the vasculature undergoes regression [41] . ECM remodeling switches to the production of type I collagen arranged in a parallel orientation, replacing loosely arranged type III collagen, and myofibroblasts mediate wound closure through attachment to collagen [55] . This stage is also mediated by macrophages; however, they are not essential, which indicates that other cells execute similar functions in their absence [32] . Macrophages phagocytose residual ECM and debris through MMP-10-mediated collagen degradation [36] [57]. Madsen et al. found that alternatively activated anti-inflammatory macrophages internalize higher quantities of collagen when compared to other cells. However, fibroblasts internalize one quarter as much collagen as anti-inflammatory macrophages and may compensate in the absence of macrophages [36] (Fig. 1) .
Role of macrophages during hair follicle development
The mammalian hair follicles are essential to skin homeostasis. They have multiple functions, including creating a hair shaft, supplying a sensory apparatus for shaft movement detection, regulating body temperature, and offering a reservoir for Langerhans cells (LCs) and melanocytes [65] . The hair follicle develops from epithelial stem cells that are stimulated by specialized cells located below the epidermis [1] . Epithelial stem cells differentiate into three-layered rods: the outermost rod is called the outer root sheath (ORS), the middle rod is the inner root sheath (IRS), and the innermost rod is the hair shaft [65] .The ORS is surrounded by the basal lamina, a reservoir of ECM and growth factors that separates the hair follicle from the dermis [1] .
The hair follicle is maintained by continuous cycles of generation and degeneration, which are highly controlled by molecular signals that induce cell proliferation, differentiation, and death. Wnt, bone morphogenetic protein (BMP), sonic hedgehog (SHH), and Notch are a few of the signaling pathways that have been involved in regulating the hair cycle [30] . The hair cycle is divided into three stages, which are telogen, anagen, and catagen. Telogen is a quiescent period where the dermal papilla rests under the bulge stem cell compartment [14] . The dermal papilla is a group of mesenchymal cells that control hair follicle development and serve as a stem cell reservoir [11] . After receiving the necessary signals, the follicle enters the active state of hair growth, anagen. During this stage, the stem cell progeny, located below the bulge in the secondary hair germ, undergo rapid proliferation and reorganization [59] that restores the lower follicle and reconstructs the hair shaft [65] . Catagen then follows. In this stage, epithelial cells undergo apoptosis and the follicle undergoes regression, which induces the dermal papilla to migrate under the bulge and start the dormancy period beginning a new cycle [59] .
The immune cells within the hair follicle epithelium have been referred to as the hair follicle immune system [52] . Langerhans cells represent the major cell population, along with T lymphocytes, in the skin of newborn mice [53] . They migrate from the epidermis to the ORS during hair follicle generation, and their numbers increase significantly as the hair cycle progresses [53] . They are also concentrated in the entrance of the hair follicle (infundibulum) and the follicular bulge [44] . Perifollicular macrophages are seen in the mouse dermis and the subcutis (panniculus) at post-natal day 1 (P1), with numbers increasing and peaking at around P20 [53] . In human scalp, CD68 + /MHC class II + macrophages are mostly distributed in the perifollicular basal lamina, while CD1a + / MHC class II + Langerhans cells are located at the distal hair follicle epithelium; both display low numbers in the dermal papilla and the proximal hair follicle [8] .
A role for Langerhans cells in the hair follicle during catagen has been proposed by D. J. Tobin. He suggests that LCs help remove melanin from hair follicles in healthy human scalp [74] . During catagen, pigmentation, which comprises the transport of melanin to the follicular dermal papilla, occurs simultaneously with the hair cycle [74] . Through microscopy analysis, Tobin shows that Langerhans cells, which were identified based on their distinctive cytoplasmic granules, endocytose and transport melanosomes from the regressing hair matrix to the dermal papilla during early catagen. This role elucidates a system whereby the hair follicle can dispose of excess pigment during catagen. Additionally, the LCs of the hair follicle can serve as a pool that replenishes the LCs of the human epidermis after ultraviolet B (UVB) exposure [15] . Two days after UVB exposure, which ablates the LCs in the epidermis while sparing the LCs in the hair follicle as seen through immunohistochemistry, LCs from the ORS proliferate and migrate to the epidermis [15] . Moreover, the LCs that repopulate the epidermis display a distinct phenotype from the resident epidermal LCs, in that they are deficient in the induction of B7 protein but not CD40 costimulatory molecules [15] .
In 1970, Parakkal [51] described a physiological role of macrophages in hair follicle regression during catagen. He found that macrophages cluster around the hair follicle and are in charge of phagocytosing and breaking down the collagen fibers in the basal lamina in mice and rats. Also, activated macrophages clusters can be observed, in normal uninflamed undamaged mouse skin, close to the distal hair follicle (HF) epithelium during telogen, anagen, and catagen suggesting that they have a physiological role in homeostatic hair follicle regeneration [12] . Intercellular adhesion molecule (ICAM)-1 is upregulated within clusters of macrophages restricted to mouse skin and has been found to be dependent on the hair cycle [46] . The ICAM-1 ligand, lymphocyte function associated antigen (LFA)-1, is also hair cycle-dependent and highly expressed in follicle-associated macrophages and LCs [46] . Moreover, ICAM-1 knockout mouse show premature hair follicle regression suggesting ICAM-1 has a role in catagen inhibition. Another factor implicated in catagen regulation is fibroblast growth factor (Fgf)-5, which is localizes in skin macrophages at the hair follicle [66] , and its expression has been shown to be dependent on the hair cycle, inhibit hair growth in anagen, and induce the anagen-catagen transition when injected subcutaneously into mouse [67] .
Osaka, et al. found that intracutaneous transplantation of activated bone marrow-derived macrophages into the skin of wild type mouse is enough to cause hair growth proportional to the numbers of transplanted macrophages [50] . They also found that macrophages accelerate the proliferation of epidermal basal cells, hair follicle cells, and stem cells, suggesting that macrophages can promote entrance to anagen. Furthermore, Castellana, et al. found that macrophages promote activation of hair follicle stem cells inducing the entrance to anagen [6] . They observed an apoptosis-induced decrease of F4/80 + CD11b + Gr1 + macrophages at the end of telogen, and showed that genes regulating hair follicle stem cell (HFSC) activation are upregulated at this stage. Moreover, they showed that macrophage depletion with clodronate, which induces macrophage apoptosis, promotes premature entry into anagen, and is associated with the activation of HFSC through the B-catenin/Wnt signaling pathways. Furthermore, Amberg et al. found that inflammatory macrophages and dermal resident macrophages have different effects in the hair cycle. They showed that resident macrophages inhibit activation of hair follicle stem cells, preventing the entrance to anagen, while inflammatory infiltrating macrophages promote anagen [2] .
The role of macrophages in cutaneous salt regulation
The kidneys are classically considered the primary regulators of sodium (Na + ) and fluid homeostasis. The kidneys monitor Na + levels and control blood pressure (BP) through the renin-angiotensin system [64] . Non-renal regulators of blood pressure include the cardiovascular, neural, and endocrine systems [7] . Remarkably, during the past decade the skin has emerged as new regulator of blood pressure. Growing data point towards a skin-based control of blood pressure through local balance of sodium and water [69] . The idea of sodium storage in the skin and its induction by a high salt diet (HSD) was first investigated in the 1900's [25] . In 2000, Heer et al. re-explored this system, which does not cause water accumulation in humans [21] . Human subjects were fed high amounts of sodium chloride (NaCl), then fluid compartments, metabolic and sodium balances were measured. The authors found that plasma volume increased proportionally to NaCl intake, whereas total body water or extracellular volume did not increase, suggesting that water moves from the interstitial to the intravascular compartment without extracellular volume expansion. Another group suggested that the fact that retention of sodium does not cause extracellular volume expansion indicates that Na + is accumulated in an osmotically inactive form, which bypasses renal control [70] . They performed similar experiments in salt-sensitive Dahl rats that develop hypertension in response to high Na + diet. As a result, these rats showed a decreased capacity to store osmotically inactive Na + , which made them prone to fluid retention and resulted in hypertension. Furthermore, they establish that the skin serves as a reservoir for the osmotically inactive sodium, which increases after a high salt diet [71] , and they suggest that polymerization of negatively-charged glycosaminoglycans (GAGs) could facilitate its storage in the skin [73] .
The mononuclear phagocyte system (MPS), which includes macrophages and dendritic cells, has also been implicated in the regulation of skin salt homeostasis and blood pressure [35] . In experiments where mice were fed a high sodium diet, ear histology displayed hyperplastic lymph capillaries with increased interstitial infiltration of vascular endothelial growth factor C positive mononuclear phagocytes and increased levels of tonicity-responsive enhancer binding protein (TonEBP) (Fig. 2) . Infiltration of MPS cells into mouse skin following a high salt diet, points to a role in regulating cutaneous salt homeostasis. Thus, in order to assess whether the response to the defects caused by a HSD was dependent on mononuclear phagocytes, mice were treated with clodronate, which depletes MPS cells, and fed a HSD. After depletion, hyperplastic lymph capillaries were absent, and the increase in the levels of VEGF-C positive MPS cells and expression of TonEBP was abolished. TonEBP, also known as nuclear factor of activated T cells (NFAT)-5, is a transcription factor in charge of maintaining cellular homeostasis is response to hypotonic or hypertonic stress [20] . The fact that mononuclear phagocyte depletion prevented the upregulation of TonEBP suggests that macrophages positively regulate the response to osmotic stress. Additionally, the increase in sodium was followed by an elevation in GAG charge density and proteoglycan levels, which supports the theory that GAGs facilitate Na + storage in the skin. Moreover, a second study also shows that clodronate depletion of MPS cells results in the loss of the homeostatic response in the skin of rats after consumption of a high salt diet [34] . Similarly, they demonstrate that MPS cell depletion results in a decrease in TonEBP and VEGF-C expression and causes salt-sensitive hypertension in rats [34] . They propose that macrophages regulate cutaneous interstitial volume and promote blood pressure homeostasis through the following mechanism: macrophages express TonEBP to balance osmotic stress caused by excess sodium in the skin, resulting in the production of VEGF-C, which promotes the generation of lymph capillaries and the expression of endothelial nitric oxide synthase (eNOS) buffering the development of salt-sensitive hypertension [34, 72] . This mechanism is further supported by the conditional deletion of TonEBP in mice MPS cells, which were generated in LysM
Cre TonEBP fl/fl mice [75] . The conditional knockout, along with a HSD, caused a decrease in VEGF-C mRNA and protein levels, accompanied by a reduction in skin lymph capillary density. Also, mutant mice showed impaired clearance of skin chloride and suffered from salt-sensitive hypertension [75] . This mechanism was also shown to play a role in salt homeostasis and blood pressure in healthy humans and patients suffering from chronic kidney disease [63] . In these subjects, VEGF-C levels were shown to be regulated by sodium consumption further validating the proposed mechanism.
It is well known that chemotaxis is essential to recruit macrophages during inflammation [5] . Muller et al. explored the concept of macrophage chemotaxis in relation to osmotic stress [45] . Notably, they found that murine bone marrow-derived macrophages and peritoneal macrophages, travel towards sodium chloride (NaCl) but not urea or mannitol gradients, indicating that NaCl induced hypertonic stress, as opposed to general osmolality, is a chemotactic stimulus that recruits macrophages in vitro. In addition, they transfected RAW264.7 macrophages with mouse Tag-TonEBP and used kanamycin resistance to select for clones overexpressing TonEBP, to show that TonEBP is dispensable during salt dependent macrophage chemotaxis. These results are consistent with the data obtained during the conditional deletion of TonEBP in MPS cells, which did not affect macrophage recruitment and infiltration to the skin [75] . Additionally, the authors find that only bone marrow-derived (BMD) macrophages and peritoneal macrophages, but not dendritic cells, are attracted to the excess NaCl, suggesting that sodium-induced chemotaxis is specific to macrophages and excludes the rest of the cells in the mononuclear phagocyte system. It is important to note that although in this review we mostly show that the NFAT5/TonEBP-induced response is anti-inflammatory (Fig. 2) ; other groups have shown that NFAT5 is necessary to generate a pro-inflammatory response in the setting of infection or inflammation independently of osmotic stress [5, 27] . Recent studies suggest that high salt concentration affects the activation state of macrophages [3, 78] . The change in expression profile of human monocyte-derived macrophages was studied after treatment with excess salt in vitro [78] . It was found that high salt induces the expression of pro-inflammatory genes, including chemokine ligands (CCL2, CCL8, CXCL1, CXCL2), cytokines (ILβ-1 and IL-8), and toll-like receptors (TLR3 and TLR4), and displayed dose-response relationship. In addition, high NaCl inhibited the expression of anti-inflammatory molecules such as CCL18, CCL22, triggering receptor expressed in myeloid cells (TREM)-2 and mannose receptor C type 1 (MRC1). In macrophages treated with IL-4 or lipopolysaccharide (LPS) in combination with high salt, IL-4-induced expression of anti-inflammatory genes was inhibited while LPS induced expression of pro-inflammatory genes was promoted. Binger et al. [3] showed that the activation of anti-inflammatory macrophages, expressing IL-4 and IL-13, was significantly decreased by physiological amounts of salt and was independent of sodium responsive factors such as NFAT5 and serum/glucocorticoid regulated kinase (SGK)-1. Additionally, they found that under these conditions the protein kinase B (AKT) and mechanistic target of rapamycin (mTOR) pathway was hindered.
Recently, Jantsch et al. [25] showed that during a parasitic infection, high sodium concentrations promote the activation of pro-inflammatory macrophages and helps control the infection independently of diet. They used magnetic resonance imaging (MRI) to visualize 23 Na in the skin of patients infected with Leishmania major and found it was accumulated. They also establish that sodium accumulation correlates with the activation of RAW 264.7 and BMD macrophages in vitro, which is shown by enhanced LPS-induced stimulation of NOS2, NO release and TNF release, promoting the elimination of Leishmania major.
The role of macrophages the regulation of inflammation, autoimmunity, and cancer in the skin
The phagocytosis theory proposed by Metchnikoff suggests that macrophages are key in preserving the harmony and integrity of the organism [68] . Macrophages constantly monitor the skin microenvironment for signals that indicate cell stress, tissue injury or infection [47] . They display a high degree of plasticity and are able to change their genetic profile to promote or suppress inflammation in order to maintain homeostasis. The class of inflammatory stimulus determines the type of pathway induced [38] . Skin inflammation has physiological roles which include infection defense, tissue repair response, stress adaptation, and restoration of homeostasis [39] . After skin injury or malfunction or imbalance in the skin, macrophages undergo an adaptive inflammatory response with the goal of restoring homeostasis balance [39] . During host defense, controlled inflammation is usually beneficial for an organism and involves the recruitment of factors necessary to manage the infection such as neutrophils and plasma proteins [39] . As a result of pathogen detection, macrophages are activated and rapidly produce cytokines, chemokines, inflammatory mediators such as prostaglandins, leukotrienes, and platelet-activating factor [24] . Also, blood monocytes are recruited and differentiate into additional macrophages [24] . The end-result of an effective inflammatory response is the eradication of the pathogen, inflammation resolution and repair. In any situation, inflammation is a form of adaptation that responds to stressful conditions to restore homeostasis [38] , and macrophages are essential during this response.
In addition to inflammation, macrophages and LCs also have a role in cancer prevention in the skin. Studies have shown that sporadic deletion of macrophages and LCs results in the development of basal cell carcinomas [29] . Basal cell carcinoma (BCC) represents the most common cancer in humans, and it is caused by mutations in the tumor suppressor gene protein patched homolog 1 (PTCH1), which results in uncontrolled activation in the hedgehog pathway [43] . It is considered a keratinocyte carcinoma and resembles differentiated basal cells of the epidermis and its accessory structures [26] . Recently, Konig et al. showed that macrophages and Langerhans cells are necessary for limiting the growth of BCCs in mice [29] . They used a conditional knock out mouse, a BCC model with the Ptch1 gene floxed and tamoxifen inducible Cre recombinase downstream of the ROSA26 promoter (Ptch1 flox/flox ERT +/− ), to show that BCC tumors are infiltrated with macrophages and LCs. Depletion of macrophages, dermal DCs, and epidermal LCs with intraperitoneal injections of clodronate liposomes results in augmentation of BCC growth with a reduction in the number of stromal cells and decreased levels of fibroblast markers (vimentin and prolyl 4-hydroxylase) [29] . Effective depletion of macrophages was confirmed through Mac1 and F4/80 levels, while depletion of LCs and DCs was confirmed MHC class II in the epidermis and the dermis, respectively. Moreover, topical treatment with imiquimod, a drug that is FDA-approved to treat superficial BCC, results in increased infiltration of macrophages and T cells in mice [2] . In addition, tumor peptide-pulsed intra-dermal Langerhans cell vaccines have been shown to be effective at eliciting immunity against melanoma antigens in Phase I clinical trials in patients with stage III or IV melanoma [58] .
During homeostasis, LCs also promote tolerogenic responses to self-antigens in the skin [9] . To assess the role of LCs in immune tolerance in the skin, a group crossed systemic lupus erythematosus mice (MRL-lpr and MRL/MpJ-Fas+/+) which develop a syndrome that resembles lupus in humans, with B6 mice, in which the LC-specific gene CD207 (Langerin), is attached to the diphtheria toxin (DT) receptor, and a single dose of DT temporarily abates Langerin+ Langerhans cells [28] . Mouse serum showed skin self-antigens (Dsg-3) and cells isolated from these mice displayed an immune response when cultured with Dsg-3. The authors conclude that autoimmune-prone mice LCs are capable of protecting mice from acquiring autoimmune dermatitis and maintaining skin tolerance [28] .
Conclusion
The present review summarizes the currently available evidence, which supports multiple roles of macrophages and Langerhans cells in maintaining cutaneous homeostasis. We review how macrophages are present during all three stages of wound repair, and that they are essential to obtain wound closure and full tissue regeneration. We explore mechanisms by which macrophages and Langerhans cells are involved in hair follicle regeneration. Macrophages digest excess ECM during hair follicle regression (catagen) and stimulate follicular stem cells to enter the active stage of hair growth (anagen), while Langerhans cells help eliminate excess hair follicle melanin during catagen. We summarize the evidence that supports a macrophage-based model during salt balance in the skin. Lastly, we illustrate how macrophages and LCs are involved in the regulation of inflammation and autoimmunity and in the regression of skin cancer. The studies included in this review, which show different experimental approaches for the ablation of myeloid cells in the skin, are limited. More specific genetic models are required to clearly define the role of macrophages in the skin compared to the role of the rest of the myeloid-derived cells. Understanding the array of functions of Langerhans cells and macrophages during skin homeostasis, spatially and temporally, is essential for the development of future therapies that can aid in the restoration of homeostasis after the origination of trauma, stress, or pathologic conditions such as cancer or autoimmune diseases in the skin.
